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1 ??
1.1 ????
????????????????????????????????????DELPHINUS(??
DLP)?????????????????????? 2019???NASA? SLS?????????
?????????DLP????FPGA(Field Programmable Gate Array)????????????
??????????????????????????????????? 4??????????
??????? 5*5???????????????FPGA???????????????????
?????????????
? 1: ??? EQUULEUS?????????????????DELPHINUS
?
1.2 ?????? (Lunar Impact Flush)
?????????????? cm??????????????????????????0.01?0.1
??????????????????????????????????????????????
??? cm?m???????????????????????????????????????
??????????????? 2017? 5? 2???????????? (????????????
???)????
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? 2: 2017? 5? 2????????????? (??)
?
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?1.3 ??
DLP?????FPGA??????????????????????????????????
??? 60fps????? 1/60?????????????????????????????????
??????????????????????????????????????????????
?????????????????????????????????????????????
? 3: ????????????????DELPHINUS
?
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2 ???????????
2.1 ?????????
?????????????????????????????? (??TLP-78)?????????
????????????????????????????? mW????? 620 ? 670 nm???
??? 5 m?? 8 mm ? 10 mm????
? 4: ???????
?
?????????????????????????????????????????????
????
? 5: ????????
?
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2.2 ??????????????
Xilinx?? ZYBO(? 6??)??????????????????????????Velilog HDL?
????? Vivado2014.4? Xilinx.SDK2014.4???????????????????????? 8
????????? 0?????? (???)????? 1?7???????????? 8??????
??????????????????????????????????????????????
????????
? 6: ZYBO
?
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2.3 ??????????
??????????????????????? (? 7??)??????????????? 8 mm
? 10 mm(5 m??)????????????? 0.5 mm????????????????????
??????????????????? 1/1000 ??????
? 7: ???????
?
2.4 ??????
???????? (???????)?????? 0.3 ?W???????????????????
??????????????? (?????? 99.999 ?????????/100000 ????)???
??????????????????????????????????????????????
??????????????????????
? 8: ??????
?
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2.5 ??????????
???????????????????????????????????????????? (?
???????????KT-???)??????????????????????????????
? (???????)?????????
? 9: ?????
?
???????????????????????????? (???)?????????????
??????????????????????????????????????????????
??????????????????????? (?)??????????????????????
???????????????????????????????? 5 ms???? 2400??????
????
? 10: ????????
?
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3 ??????????
? 11: ?????????????
?
3.1 ??
??????????? 11????? 11?????? (1)???????????????????
? (??????? 80 ? s)?????????????????????????????? 11??
???? (3)???????????????????? (2)???????? (?????????)
???????????? (4)????????????????????????????????
????? BMC??????????????????????
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3.2 ?????
?????????????????????????????????????????????
????????????????????????????? (? 12??)????????????
???????
? 12: ???????????
?
?????????
? 13: ????????????
?
??????????????????????????????????????????????
??????????????????????????????????????????????
?????? 30?????????
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3.3 ?????????????
??????????????????? (????????????, USB4000)??????? (3100
K?????)?????????? (? 14??)?
? 14: ???????
?
3.3.1 ????????????
?????????????????????????????
? 15: ????????????
?
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3.3.2 ??????????
??????? 3100 K?????????????????? 3100 K?????????????
??????????????????????????????????????????????
?????? (3100K)????????????????????????????????
? 16: ??????????
?
3.3.3 ?????????????
?????????????????????????????????????????????
?????????????? 1??????????
? 17: ?????????????
?
???????????????? 620 ? 670 nm????????? 630 ? 640 nm??????
?? 99%?????
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4 ????
??????????????????????????? (Point Grey? GS3-U3-15S5M)?DLP
????? (?? 35.7 mm????? 50 mm)?????????????????????????
??????????????????????????? SONY?? ICX825??????????
?????????????????????? 18???????????????????????
??? Sv?G?Ad???????????????????????????
? 18: ??????????????????
?
4.1 ??
????????????????????????????????? gstar?B()???????
??????? [4]????????B-V????????? [9] ??????????
B   V = 9600
T
  1:00 (1)
?????-?????????????????? 5777K[7]??????????gsB()?????
??????????????????? Cs[7]??????????Z
gsB5777()d = gs?T 4 = Cs (2)
??????gs = 2:17 ? 10 5???????????????????????????????
????? R??????????? (?????? [4])???????????mstar?ms????
??????R?????????fR()?R????????????
mstar  ms =  2:5log10 gstar
R
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R
B5777()?fR()d (3)
?
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???????????????????h????????c?????D??????? (35:7mm)?
t????? (16:7ms)?q()? ICX825?????? [7]????
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Z
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4.2 ?Tri (?????)
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fps ?????????????????????????????????????????? 137?
???? 46643??????????? (??????????)?
? 19: ? Tri (?????)
?
B-V = 0.15(???????? [9])???? (1)????????? 8300????????? (1)?
?????????? Tri(?????)??????????????????????????R?
? 2.86(Simbat[8])???? (3)??????gstar = 5:49 ? 10 18????????????????
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4.3 ?Tri (?????)
?Tri(?????)????? 20 ?????????? 1800????? 16.7 ms???????? 7.6
fps ?????????????????????????????????????????? 97?
???? 18375??????????? (??????????)?
? 20: ? Tri (?????)
?
B-V = 0.019(???????? [9])???? (1)????????? 8600????
V?? 4.03(Simbat[8])???? (3)??????gstar = 1:69 ? 10 18 ????? Tri(?????)?
R?????????????????V???????????????????????????
(4)??????Ne=8070????
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4.4 ?Lyr (???) ??
? Lyr (???) ??????? 21 ?????????? 1800????? 16.7 ms????????
7.6 fps ???????????????????????????????????????????
????? 349????? 903011??????????? (??????????)?
? 21: ? Lyr (???) ??
?
B-V = 0.001(???????? [9])???? (1)?????????9600????R?? 0.07(Simbat[8])
???? (3)??????gstar = 4:80 ? 10 17????????????????????? 4???
???Ne=337982????
????? n = 903011 ????Ne = 337982 ???Sv?G?Ad = 2:47????
4.5 Sv?G?Ad?????
? Tri ?? Tri ?????????????????
?
?
?? ?Tri ?Tri ??
R?? 2.86 (4.03) 0.07
B-V 0.15 0.019 0.001
???? 8300 8600 9600
?????? A5III A1V A0V
????? 46643 18375 903011
??? 23310 8070 337982
Sv?G?Ad 2.00 2.28 2.47 ?
?????Sv?G?Ad=2.25??????
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5 ??????????
????????????????????????? 22 ???????????? Point Grey?
?GS3-U3-15S5????????????DLP????? (?? 35.7mm????? 50mm?F? 1.4)
??????????? SONY?? ICX825(????? 6.45?m)???????????? 100ms?
??????? 7.6fps?????????????????? 1 ? 9 ms??? 1800?10 ? 20 ms?
?? 900?????????? FireCaputure(ver2.5)?????
? 22: ??????????
?
5.1 ????????????
Sv?G?Ad???? 1800??????????FireCaputure(ver2.5)??????????????
???????????????? (????????)?????????????????????
?????????????????? 6 ms???????? 9 fps??????????????
? 23: ????????????
?
???????? 900??????? 2.86???????? 1800?????????????2.86
???? 9dB????????FireCaputure???? 900=9dB?1800=18dB??????????
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5.2 4??????????????
???? 24 ????????????? 1.5 ??????? 24?????????????? 1800?
???? 100 ms?7.6 fps?????
? 24: ????????? (4????)
?
?????????? 25 ?????????????????????????????????
???? (???????????)?
? 25: ????????
?
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5.3 3??????????????
???? 26 ????????????? 3 ??????? 26 ?????????????? 1800?
???? 100 ms?7.6 fps?????
? 26: ????????? (3????)
?
?????????? 27 ?????????????????????????????????
??? (???????????)?
? 27: ????????
?
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5.4 2??????????????
???? 28 ????????????? 6 ??????? 28 ?????????????? 1800?
???? 100 ms?7.6 fps?????
? 28: ????????? (2????)
?
?????????? 29 ?????????????????????????????????
???? (?????????????)?
? 29: ????????
?
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5.5 1??????????????
???? 30 ????????????? 14 ??????? 30 ?????????????? 900?
???? 100 ms?7.6 fps?????
? 30: ????????? (1????)
?
?????????? 31 ??????????????? 900???????? 2.86??????
? 1800????????
? 31: ????????
?
21
6 ??????????
6.1 ?????????????
??? 3000K??????????????????????? gfB3000()????R??????
?????? [6]? fR()?????????????????????? (??????)?????
????????mf?ms(=  27:29)???????R??????gs = 2:17 ? 10 5(4.1?????)
????
?
mf  ms =  2:5log10 gf
R
B3000()fR()d
gs
R
B5777()fR()d
(6)
?
??????gf ??????????????????? NeICX424 ??????????????
?? qICX424()?DLP???? ICX424AL?? [1]?h????????c?????D??????
? (35:7mm)?t???????? (16.7ms)????
NeICX424 =
Z
gf?B3000()
(hc=)
(D=2)2?t??ICX424()d (7)
? (6)?(7) ???DLP???????????????????????????????????
??
? 32: ???-???
?
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6.2 ????????????????
???????????????????????? n????????????????????
???
? 33: ?????????????
?
????????? n?????ICX825??????? Ne ???????????Sv?G?Ad =
2:25(??????)????
NeICX825 =
n
2:25
(8)
?????????????????Epulse()???????????h????????c????
?qICX825()? ICX825?????????????Epulse()??????? 3.3.3????????
?????????????????
NeICX825 =
Z
Epulse()
(hc=)
?ICX825()d (9)
23
? (9) ?????????????? R Epulse()d?????? (Epulse()?????????)??
????????
? 34: ?????????????
?
?????????????????????? DLP????????????????????
????????????????? qICX424()? ICX424AL??????
NeICX424 =
Z
Epulse()
(hc=)
?ICX424()d (10)
??????????????????
? 35: ???-????
?
24
DLP???????????????????????????????????????????
???????????????????????????????????
? 36: ???-????
?
? 36????????????????????????????????????????????
???????????????
????????????????????
???? (ms) 1 1.5 2 3 6 14
??? 4.6?4.9 3.7?4.0 3.4?3.6 2.9?3.0 2.0?2.1 1.0?1.1
DLP?????? 1/60 s(=16.7ms)?????? 4?? [10]???DLP??
?????? 1?4??????????????????
25
??
????????? ISAS/JAXA???????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
??????
26
????
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Listing 1: ?????????
//Copyright 1986 2014 Xi l inx , Inc . Al l Rights Reserved .
//                                                                                
//Tool Vers ion : Vivado v . 2 014 . 4 ( win32 ) Build 1071353 Tue Nov 18 18 : 06 : 20 MST 2014
//Date : Tue Oct 24 20 : 07 : 07 2017
//Host : yanagi PC running 32 b i t S e rv i c e Pack 1 ( bu i ld 7601)
//Command : g en e r a t e t a r g e t des ign 1 wrapper . bd
//Design : des ign 1 wrapper
//Purpose : IP block n e t l i s t
//                                                                                
` t ime s ca l e 1 ps / 1 ps
module des ign 1 wrapper
(DDR addr ,
DDR ba ,
DDR cas n ,
DDR ck n ,
DDR ck p ,
DDR cke ,
DDR cs n ,
DDR dm,
DDR dq ,
DDR dqs n ,
DDR dqs p ,
DDR odt ,
DDR ras n ,
DDR reset n ,
DDR we n ,
FIXED IO ddr vrn ,
FIXED IO ddr vrp ,
FIXED IO mio ,
FIXED IO ps clk ,
FIXED IO ps porb ,
FIXED IO ps srstb ,
c lk ,
r e s e t ,
sw0 ,
sw1 ,
sw2 ,
output enable ,
led ,
pulse ,
no i s e
) ;
input c l k ;
input r e s e t ;
input sw0 ;
input sw1 ;
input sw2 ;
input output enab le ;
output [ 3 : 0 ] l ed ;
output pu l s e ;
output no i s e ;
inout [ 1 4 : 0 ] DDR addr ;
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inout [ 2 : 0 ] DDR ba ;
inout DDR cas n ;
inout DDR ck n ;
inout DDR ck p ;
inout DDR cke ;
inout DDR cs n ;
inout [ 3 : 0 ]DDR dm;
inout [ 3 1 : 0 ]DDR dq ;
inout [ 3 : 0 ] DDR dqs n ;
inout [ 3 : 0 ] DDR dqs p ;
inout DDR odt ;
inout DDR ras n ;
inout DDR reset n ;
inout DDR we n ;
inout FIXED IO ddr vrn ;
inout FIXED IO ddr vrp ;
inout [ 5 3 : 0 ] FIXED IO mio ;
inout FIXED IO ps clk ;
inout FIXED IO ps porb ;
inout FIXED IO ps srstb ;
wire [ 1 4 : 0 ] DDR addr ;
wire [ 2 : 0 ] DDR ba ;
wire DDR cas n ;
wire DDR ck n ;
wire DDR ck p ;
wire DDR cke ;
wire DDR cs n ;
wire [ 3 : 0 ]DDR dm;
wire [ 3 1 : 0 ]DDR dq ;
wire [ 3 : 0 ] DDR dqs n ;
wire [ 3 : 0 ] DDR dqs p ;
wire DDR odt ;
wire DDR ras n ;
wire DDR reset n ;
wire DDR we n ;
wire FIXED IO ddr vrn ;
wire FIXED IO ddr vrp ;
wire [ 5 3 : 0 ] FIXED IO mio ;
wire FIXED IO ps clk ;
wire FIXED IO ps porb ;
wire FIXED IO ps srstb ;
de s i gn 1 d e s i g n 1 i
( . DDR addr(DDR addr ) ,
.DDR ba(DDR ba) ,
. DDR cas n (DDR cas n ) ,
. DDR ck n(DDR ck n ) ,
. DDR ck p(DDR ck p ) ,
. DDR cke(DDR cke ) ,
. DDR cs n (DDR cs n ) ,
.DDR dm(DDR dm) ,
.DDR dq(DDR dq) ,
. DDR dqs n (DDR dqs n ) ,
. DDR dqs p (DDR dqs p ) ,
. DDR odt(DDR odt ) ,
. DDR ras n (DDR ras n ) ,
. DDR reset n ( DDR reset n ) ,
. DDR we n(DDR we n) ,
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. FIXED IO ddr vrn ( FIXED IO ddr vrn ) ,
. FIXED IO ddr vrp ( FIXED IO ddr vrp ) ,
. FIXED IO mio (FIXED IO mio ) ,
. FIXED IO ps clk ( FIXED IO ps clk ) ,
. FIXED IO ps porb ( FIXED IO ps porb ) ,
. FIXED IO ps srstb ( FIXED IO ps srstb ) ) ;
pu l s e gene pu l s e g e n e i
(
. c l k ( c l k ) ,
// . r e s e t ( r e s e t ) ,
. sw0 ( sw0 ) ,
. sw1 ( sw1 ) ,
. sw2 ( sw2 ) ,
. output enab le ( output enab le ) ,
. l ed ( l ed ) ,
. pu l s e ( pu l s e )
// . no i s e ( no i s e )
) ;
endmodule
` t ime s ca l e 1ns / 1ps
//////////////////////////////////////////////////////////////////////////////////
// Company :
// Engineer :
//
// Create Date : 2017/11/21 15 : 37 : 34
// Design Name :
// Module Name : pu l s e gene
// Pro j ec t Name :
// Target Devices :
// Tool Vers ions :
// Desc r ip t i on :
//
// Dependencies :
//
// Rev i s ion :
// Rev i s ion 0 .01   F i l e Created
// Addi t iona l Comments :
//
//////////////////////////////////////////////////////////////////////////////////
module pu l s e gene (
input c lk ,
input r e s e t ,
input sw0 ,
input sw1 ,
input sw2 ,
input output enable ,
output [ 3 : 0 ] led ,
output pu l s e
) ;
//OUTPUT TIME STATE < CNT STOP < CNT CYCLE
parameter CNT STOP = 27 ' d2499 9999 ;//
parameter CNT CYCLE = 27 ' d2500 0000 ;//200ms
parameter OUTPUT TIME STATE1 = 27 ' d124999 ; //1ms
parameter OUTPUT TIME STATE2 = 27 ' d187499 ; //1 .5ms
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parameter OUTPUT TIME STATE3 = 27 ' d249999 ;//2ms
parameter OUTPUT TIME STATE4 = 27 ' d374999 ;//3ms
parameter OUTPUT TIME STATE5 = 27 ' d749999 ;//6ms
parameter OUTPUT TIME STATE6 = 27 ' d1749999 ;//14ms
parameter OUTPUT TIME STATE7 = 27 ' d25000 000 ;
parameter STATE0 = 3 ' b000 ;
parameter STATE1 = 3 ' b001 ;
parameter STATE2 = 3 ' b010 ;
parameter STATE3 = 3 ' b011 ;
parameter STATE4 = 3 ' b100 ;
parameter STATE5 = 3 ' b101 ;
parameter STATE6 = 3 ' b110 ;
parameter STATE7 = 3 ' b111 ;
reg [ 2 6 : 0 ] r cn t ;
reg r pu l s e ;
reg [ 3 : 0 ] now state ;
reg [ 3 : 0 ] n ex t s t a t e ;
//200????ms
//STATE1????????????????????? , 2 , 3 , 4 , 5 , 6 ( )
always@ ( posedge clk , negedge r e s e t )
i f ( r e s e t j j ~ output enab le ) begin
r cn t <= 27 ' h0000 0000 ;
end e l s e i f ( r cn t == CNT CYCLE) begin
r cn t <= 27 ' h0000 0000 ;
end e l s e i f ( r cn t == CNT STOP &&(now state == STATE1 j j now state == STATE2 j j now state ==
?
STATE3 j j now state == STATE4 j j now state == STATE5 j j now state == STATE6) ) begin
r cn t <= r cn t ;
end e l s e i f ( now state == STATE0) begin
r cn t <= 27 ' h0000 0000 ;
end e l s e begin
r cn t <= r cn t +27'd1 ;
end???????
//
always @( posedge clk , negedge r e s e t )
i f ( r e s e t ) begin
now state <= STATE0;
end e l s e begin
now state <= nex t s t a t e ;
end
//STATE0 ?????
//STATE1, 2 , 3 , 4 , 5 , 6 ?????????
//STATE7 ???
always @( now state , sw0 , sw1 , sw2 )
case ( now state )
STATE0 : i f ( sw0 && ~sw1 && ~sw2 ) n ex t s t a t e <= STATE1;
e l s e i f (~ sw0 && sw1 && ~sw2 ) n ex t s t a t e <= STATE2;
e l s e i f (~ sw0 && ~sw1 && sw2 ) n ex t s t a t e <= STATE4;
e l s e n ex t s t a t e <= STATE0;
STATE1 : i f ( sw0 && sw1 && ~sw2 ) n ex t s t a t e <= STATE3;
e l s e i f ( sw0 && ~sw1 && sw2 ) n ex t s t a t e <= STATE5;
e l s e i f (~ sw0 && ~sw1 && ~sw2 ) n ex t s t a t e <= STATE0;
e l s e n ex t s t a t e <= STATE1;
STATE2 : i f ( sw0 && sw1 && ~sw2 ) n ex t s t a t e <= STATE3;
e l s e i f (~ sw0 && sw1 && sw2 ) n ex t s t a t e <= STATE6;
e l s e i f (~ sw0 && ~sw1 && ~sw2 ) n ex t s t a t e <= STATE0;
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e l s e n ex t s t a t e <= STATE2;
STATE3 : i f ( sw0 && sw1 && sw2 ) n ex t s t a t e <= STATE7;
e l s e i f (~ sw0 && sw1 && ~sw2 ) n ex t s t a t e <= STATE2;
e l s e i f ( sw0 && ~sw1 && ~sw2 ) n ex t s t a t e <= STATE1;
e l s e n ex t s t a t e <= STATE3;
STATE4 : i f ( sw0 && ~sw1 && sw2 ) n ex t s t a t e <= STATE5;
e l s e i f (~ sw0 && sw1 && sw2 ) n ex t s t a t e <= STATE6;
e l s e i f (~ sw0 && ~sw1 && ~sw2 ) n ex t s t a t e <= STATE0;
e l s e n ex t s t a t e <= STATE4;
STATE5 : i f ( sw0 && sw1 && sw2 ) n ex t s t a t e <= STATE7;
e l s e i f (~ sw0 && ~sw1 && sw2 ) n ex t s t a t e <= STATE4;
e l s e i f ( sw0 && ~sw1 && ~sw2 ) n ex t s t a t e <= STATE1;
e l s e n ex t s t a t e <= STATE5;
STATE6 : i f ( sw0 && sw1 && sw2 ) n ex t s t a t e <= STATE7;
e l s e i f (~ sw0 && ~sw1 && sw2 ) n ex t s t a t e <= STATE4;
e l s e i f (~ sw0 && sw1 && ~sw2 ) n ex t s t a t e <= STATE2;
e l s e n ex t s t a t e <= STATE6;
STATE7 : i f (~ sw0 && sw1 && sw2 ) n ex t s t a t e <= STATE6;
e l s e i f ( sw0 && ~sw1 && sw2 ) n ex t s t a t e <= STATE5;
e l s e i f ( sw0 && sw1 && ~sw2 ) n ex t s t a t e <= STATE3;
e l s e n ex t s t a t e <= STATE7;
d e f au l t : n e x t s t a t e <= STATE0;
endcase???????
//
always@ ( posedge c l k )
i f ( now state == STATE0) begin
r pu l s e <= 1 ' b0 ;
end e l s e i f ( r cn t <=OUTPUT TIME STATE1 && now state == STATE1
&& output enab le ) begin
r pu l s e <= 1 ' b1 ;
end e l s e i f ( r cn t <=OUTPUT TIME STATE2 && now state == STATE2
&& output enab le ) begin
r pu l s e <= 1 ' b1 ;
end e l s e i f ( r cn t <=OUTPUT TIME STATE3 && now state == STATE3
&& output enab le ) begin
r pu l s e <= 1 ' b1 ;
end e l s e i f ( r cn t <=OUTPUT TIME STATE4 && now state == STATE4
&& output enab le ) begin
r pu l s e <= 1 ' b1 ;
end e l s e i f ( r cn t <=OUTPUT TIME STATE5 && now state == STATE5
&& output enab le ) begin
r pu l s e <= 1 ' b1 ;
end e l s e i f ( r cn t <=OUTPUT TIME STATE6 && now state == STATE6
&& output enab le ) begin
r pu l s e <= 1 ' b1 ;
end e l s e i f ( r cn t <=OUTPUT TIME STATE7 && now state == STATE7
&& output enab le ) begin
r pu l s e <= 1 ' b1 ;
end e l s e begin
r pu l s e <= 1 ' b0 ;
end????????
//
a s s i gn l ed [ 2 : 0 ] = now state [ 2 : 0 ] ;
a s s i gn l ed [ 3 ] = output enab le ;
a s s i gn pu l s e = r pu l s e & output enab le ;
endmodule
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